Residents of the northern tier of the United States receive considerably less solar ultraviolet B (UVB) radiation than those in the South, owing to the longer length and severity of northern winters. [37] [38] [39] UVB is needed to make vitamin D, which cannot be photosynthesized by the skin in the Northeast from November through March. 40 Although some sunscreens, such as zinc or titanium oxides, may reduce risk of some skin cancers, 41-43 everyday use of sunscreens that offer a high level of protection against the sun, which currently are used periodically by about half the US population, 44 completely blocks photosynthesis of vitamin D 45, 46 and reduces circulating vitamin D metabolites. 46 This results in 25(OH)D deficiency unless there is adequate oral intake.
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A clinical laboratory test is available to identify 25(OH)D deficiency; it is most useful during the fall and winter, when deficiency is prevalent 29, 30 owing to the 3-week half-life of 25(OH)D. 18, 48 With respect to osteoporosis, the range of 25(OH)D considered deficient is less than 15 to 20 ng/mL, 49 whereas serum levels below 30 ng/mL are associated with increased risk of colon cancer.
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Levels above 150 ng/mL suggest potential toxicity.
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EPIDEMIOLOGICAL EVIDENCE
Most observational studies have reported that vitamin D has a beneficial effect on risk of colon, breast, prostate, and ovarian cancer. A PubMed search (in December 2004) for epidemiological studies of vitamin D, sunlight, ultraviolet radiation, and latitude in association with these cancers yielded 63 studies, including 30 of colon cancer, 13 of breast cancer, 26 of prostate cancer, and 7 of ovarian cancer (some studies included more than one site). 116, 117 Although serum studies have the advantage of measuring vitamin D status regardless of source, they can be confounded by associations with physical activity, particularly in studies of colon cancer. An association between greater physical activity and lower risk of colon cancer has been reported, [118] [119] [120] although this was not always found. 121 A common link could be that physical activity raises serum levels of 1,25(OH) 2 D, the most biologically active metabolite of vitamin D. There is a possibility of confounding by stage at diagnosis, since breast cancer tends to be diagnosed in more advanced stages in Blacks than in Whites.
However, differences in stage at diagnosis persisted after adjustment for socioeconomic status. 158 Blacks have substantially poorer survival rates, 159 even when mammographic screening rates are similar to those of Whites. 160 Prostate cancer mortality rates are more than twice as high among Blacks as among Whites, and incidence is 1.6 times higher.
156,159
Ovarian cancer mortality and incidence rates are higher among Whites, although they are rising among Blacks.
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GENETIC FACTORS
There are several VDR genotypes. 161 The most important of these regarding cancer is Bsm I, 162 
VITAMIN D AND COLON CANCER
Age-adjusted death rates for colon cancer tend to be high in areas with low levels of winter sunlight and low in sunny areas ( Figure 1 ).
Individuals with circulating 25(OH)D levels below 30 ng/ mL had approximately twice the risk of colon cancer as those with higher levels in 2 studies, 50, 52 with doubling of incidence for those with less than 20 ng/mL in another. 51 There was a consistent favorable, although nonsignificant, trend in a fourth.
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Individuals with 25(OH)D levels below 30 ng/mL also had higher incidence of colonic adenomas. 
VITAMIN D AND BREAST CANCER
Breast cancer death rates tended to be higher in areas with low winter sunlight levels and lower in sunny areas (Figure 2) . 13 Moderation is needed concerning sunlight exposure. Actinic changes are associated with exposure to ultraviolet radiation, and there is considerable evidence for its role in skin cancer. 42, 43 If sunlight is used as a source of vitamin D, exposure should be scrupulously monitored so that no reddening of the skin occurs, 200, 204 and intentional exposure of the face should be minimized. Vitamin D supplementation was also associated with reduced incidence of type I diabetes 221, 222 and with improvement in type II diabetes. 223, 224 In Finland, vitamin D supplementation of infants was associated with reduction by four fifths in incidence of type I diabetes. 221 Higher regional UVB levels have also been linked with lower age-adjusted death rates from endometrial and kidney cancers, Hodgkin's lymphoma, non-Hodgkin's lymphoma, multiple myeloma, and other malignancies.
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ADOPTION OF VITAMIN D FOR CANCER PREVENTION
Supplemental vitamin D intake could address the high prevalence of vitamin D deficiency in the United States. 1, 55, 198, 225 Strong evidence indicates that intake or synthesis of vitamin D is associated with reduced incidence and death rates of colon, breast, prostate, and ovarian cancers. More than 1000 laboratory and epidemiological studies have been published concerning the association between vitamin D and its metabolites and cancer. Long-term studies have demonstrated the efficacy of moderate intake of vitamin D in reducing cancer risk and, when administered with calcium, in reducing the incidence of fractures. 226 Despite these reassuring studies, the public health and medical communities have not adopted use of vitamin D for cancer prevention. The cost of a daily dose of vitamin D 3 (1000 IU) is less than 5 cents, which could be balanced against the high human and economic costs of treating cancer attributable to insufficiency of vitamin D. Leadership from the public health community will provide the best hope for action. 
